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ABSTRACT 
Aim: A rapid, sensitive and accurate Reversed Phase-High Performance Liquid Chromatography method (RP-
HPLC) with Photo-diode array Detection (PDA) was developed and validated for the simultaneous 
determination of Quercetin and Kaempferol in the methanolic extract of Tridax procumbens plant.  
Method: Whole plant of Tridax procumbens was collected from Dhule District, Shirpur; dried and methanolic 
extract was prepared and analyzed for the presence of standards - Quercetin and Kaempferol using TLC and RP-
HPLC method and detected at λ=240nm. 
Results: The Rf values for Quercetin, and Kaempferol was 0.35 and 0.48 respectively. There was a linear 
relationship between chromatographic area and concentration of analytes over the concentration range 1-40 
µg/ml for both, Quercetin and Kaempferol with the retention time of about 8.9 minutes and 10.6 minutes 
respectively and correlation coefficient of linear regression analysis was found to be r2= 0.999 and detection 
limits were between 0.164-0.289µg/ml for Quercetin and 0.497-0.816 µg/ml for Kaempferol. The average 
percentage recovery was found to be 98.02% and 98.80% for Quercetin and Kaempferol respectively.  
Conclusion: The RP-HPLC method developed was found to be simple, sensitive, precise and accurate for 
routine quality control of the powder of whole plant of Tridax procumbens. 
KEYWORDS: Linear, Recovery, Simple, Sensitive, precise. 
INTRODUCTION 
Tridax procumbens Linn.(Compositae) is a weed popularly known as 'Coat buttons' in English because of the 
appearance of its flowers and is also commonly known as ‘Ghamra’ in Hindi [1, 2] (Fig.1). The plant is 
indigenous to tropical America and naturalized in tropical Africa, Asia, Australia and India. In India it is 
considered as a wild herb. Coat buttons is also found along roadsides, waste grounds, dikes, railroads, 
riverbanks, meadows, and dunes. Its widespread distribution and importance as a weed are due to its spreading 
stems and abundant seed production [3]. 
Morphology of Tridax procumbens consists of a week herb of about 12-24cm long with few leaves 6-8cm long 
and very long slender solitary peduncles a foot long and more. Leaf is simple, opposite, exstipulate, ovate, acute, 
inflorescence capitulum. Tridax has two types of flowers ray-florets and disk-florets, basal placentation and fruit 
is cypsela [4]. 
Tridax procumbens is also used extensively as 'Bhringraj' in ayurvedic medicine for liver disorders and as an 
anti-diabetic agent [5, 6].  Whole plant of Tridax has been reported for its antimicrobial activity on various 
Gram positive and Gram-negative bacterial species [7]. It is used as bio-adsorbent for chromium (VI) which is 
one of the highly toxic ions released into the environment through leather processing and chrome plating 
industries [8]. Various other pharmacological activities like hypotensive, hair growth promoting, wound healing, 
anti-inflammatory, immunomodulatory and antioxidant activity have also been reported so far [9, 10, 11, 12, 
13]. 
The phytochemicals present in it are alkaloids, carotenoids, flavonoids (catechins and flavones) and tannins. It 
richly contains carotenoids and saponins [14, 15]. Leaf of Tridax procumbens mainly contains crude proteins 
26%, crude fiber 17% soluble carbohydrates 39% calciumoxide 5%; luteolin, glucoluteolin, Quercetin and 
isoquercetin have been reported from its flowers. Whereas the fumaric acid, β-sitosterol and tannin has also 
been reported in the plant [16]. 
Quercetin, a flavonol, is a plant-derived flavonoid found in fruits, vegetables, leaves and grains. It may also be 
used as an ingredient in supplements, beverages or foods. Quercetin has been shown to be used for treatment of 
cancer and fibromyalgia, as an antiviral and as an anti-inflammatory. 
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Kaempferol is a natural flavonol, a type of flavonoid, that has been isolated from tea, broccoli, Delphinium, 
Witch-hazel, grapefruit, cabbage, beans, endive, leek, tomato, strawberries, grapes, brussels sprouts, apples and 
other plant sources. It is a yellow crystalline solid with a melting point of 276–278 °C. It is slightly soluble in 
water but soluble in hot ethanol and diethyl ether [17]. 
Inspite of these known benefits, it is still listed in the United States as a Noxious Weed and is regulated under 
the Federal Noxious Weed Act. 
Quercetin and Kaempferol (Fig.2) are constituents present in the extract of Tridax procumbens and can be used 
as markers. In the present research work, RP-HPLC method was used for the simultaneous estimation of 
Quercetin and Kaempferol and the proposed method was validated in accordance with ICH guidelines [18].  
MATERIALS AND METHODS 
Equipments: 
TLC plates used were Silica gel 60 F254 plate of dimension 20 X 20cm, 0.25mm thickness manufactured by 
Merck KGaA, 64271Darmstadt, Germany. The chromatographic system using HPLC equipment Model Series 
200 EP Diode Array Detector system (Perkin Elmer) was used having system software (Total Chrom Navigator) 
with Column Kromasil of 4.6 mm × 250 mm (Eka Nobel S-44501, Bohus, Swedan) having particle diameter of 
5µ. 
Reagents and materials: 
Analytical grade methanol, toluene, ethyl acetate, chloroform formic acid and potassium phosphate were 
purchased from Qualigens Fine Chemicals, Mumbai, India. Quercetin and Kaempferol standards were 
purchased from Sigma Aldrich (USA) and the purity was found to be ≥98% and ≥90% by HPLC, respectively. 
Acetonitrile (HPLC grade) was purchased from HiMedia Laboratories Pvt. Ltd.  
Plant material: 
Sample of whole plant of Tridax procumbens was obtained from Dhule District, Shirpur and identified and 
authenticated by the Department of Botany, St.Xavier’s College, Mumbai. 
Method of Extraction: 
The fresh plant of Tridax procumbens were cleaned dried at 60°C and powdered. The extraction was carried out 
by Cold Maceration technique and Soxhlet extraction. Extraction was carried out using 100gm of powder with 
1000ml of methanol in a conical flask. Maceration was carried out at ambient temperature, using orbital shaker 
for 36 hrs. The extract was collected and filtered, the filtrate was dried at 50°C under reduced pressure in a 
rotary evaporator. Extraction was also carried out using Soxhlet extraction using 1000ml of methanol as a 
solvent for 9h (3 cycles of 3h). All the extracts collected were dried using a rotary evaporator under vacuum and 
stored in desiccator in a dry place. All the extracts collected were weighed and the percentage extractive value 
of extract was calculated as shown in (Fig. no: 3). 
Preparation of Standard and sample solutions: 
The standards of Quercetin and Kaempferol were weighed accurately to 10mg and dissolved in 100ml methanol 
to make a concentration of 100µg/ml and sonicated for 10min. The solutions were cooled to room temperature 
(28 ± 2°C) and further dilutions (1-40µg/ml) were prepared from the respective standard stock solutions. 
Dried extract weighing 30mg was dissolved in 1ml methanol (30mg/ml). After filtering through a filter paper 
and a 0.45µ membrane filter (Millipore), the extract was used for further standardization. 
Chromatographic conditions: 
Quercetin and Kaempferol were separated using Silica gel 60 F254 TLC plates of dimension 20 X 20cm, 0.25mm 
thickness. Mobile phase comprised of Toluene, Ethyl acetate, Methanol and Formic acid in the ratio 4:8:0.5:0.2 
v/v. A glass trough chamber (20×10×4 cm) was used and saturated for 20mins with the stated mobile phase. The 
standard and sample solutions were spotted manually as bands by using capillary tubes (Length-4”, Bore- 
0.5mm) and separation was carried out by ascending development. The RP-HPLC separation was obtained by 
using the analytical column Kromasil of 4.6 mm ×250 mm (Eka Nobel S-44501, Bohus, Swedan). The mobile 
phase was a mixture of Acetonitrile (%B) and 0.01N Potassium phosphate buffer (pH=2.5) (%A) adjusted with 
orthophosphoric acid in the proportion: (time, %B): 0, 10; 8, 50; 15, 55; 18, 10; 19, 10 (gradient system). The 
flow rate of mobile phase was set at 1ml/min and the sample volume was 20µl. All the separations were carried 
out at room temperature and detected at λ=240nm. 
Method validation 
Specificity, Linearity and Detection limit: 
The specificity of the proposed HPLC method was ascertained by comparing the UV spectra of the standards 
and the sample. Linearity was obtained by injecting 20μl of different concentrations of the standard mixture 
solution (1, 2.5, 5, 10, 20 and 40μg/ml) of Quercetin and Kaempferol. A sample solution of methanolic extract 
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(30mg/ml) of Tridax procumbens was prepared in methanol and 20μl of this solution was injected. The 
procedure was repeated three times. The chromatograms were obtained and mean Quercetin, Kaempferol peak 
areas (Y axis) were plotted against the corresponding concentrations (X axis) The Limit of detection (LOD) and 
Limit of Quantitation (LOQ) were determined as per ICH guidelines [18] using following formulae: 
LOD = 3.3 σ/ S 
LOQ = 10 σ/ S 
where σ = the standard deviation of the response 
 S = the slope of the calibration curve. 
Precision:  
Intraday precision was evaluated by analysis of six replicate injections of three different concentration mixtures 
5, 10 and 20µg/ml of both the standards Quercetin and Kaempferol on the same day.  
Interday precision was evaluated by analysis of six replicate applications of standard solution mixtures of same 
concentrations as mentioned above on two different days. 
Sample analysis and recovery: 
The accuracy of the method was established by performing recovery experiments at three different levels using 
the standard addition method. In 0.5ml (30mg/ml) of methanolic extract of Tridax procumbens, known amounts 
of Quercetin and Kaempferol standard mixtures were added (2.5, 5 and 10µg) by spiking. The same 
chromatographic conditions were maintained as mentioned earlier. The average values of percent recovery for 
Quercetin and Kaempferol were calculated. 
Acceptance Criteria 
Acceptance criteria for a procedure’s precision and accuracy must be based on the intended use of the analytical 
method. Precision showing a relative standard deviation (RSD) of app. <10% may be acceptable for assaying a 
phyto-consituent in a crude extract using a specific analytical method for assay. Precision value of less than 2% 
is acceptable for any instrument intended to be used for carrying out analysis. Acceptance criteria for accurate 
determination of the principal phyto-constituent in the given test crude extract usually ranges from 98% to 
101%. 
RESULTS 
Optimization of chromatographic conditions: 
Initial trial experiments were performed using reported mobile phase systems for separation of flavonoids. A 
combination of toluene- ethyl acetate- methanol system (4:8:0.5 v/v) [19] was tried which resulted into tailing of 
the bands. Hence the mobile phase was modified by including formic acid. Of the various combination tried, A–
B–C-D, where A is Toluene, B is Ethyl acetate, C is Methanol and D is Formic acid, 4:8:0.5:0.2 (v/v) gave the 
best resolution of Quercetin (Rf = 0.35) and Kaempferol (Rf = 0.48) (Fig. 4). 
Separation on RP-HPLC was carried out using a gradient program with acetonitrile and 0.01N Potassium 
phosphate buffer (pH=2.5) adjusted with orthophosphoric acid; (time, %B): 0, 10; 8, 50; 15, 55; 18, 10; 19, 10 
was performed and good separation of the flavonoids Quercetin and Kaempferol was observed (Fig. 5) with 
retention time of about 8.9 min and 10.6 min respectively. Sharp and symmetrical peaks were observed with a 
good resolution. Also, methanolic extract of Tridax procumbens showed presence of Quercetin and Kaempferol 
with retention time 8.98 and 10.62 min respectively, at 240nm (Fig. 6). 
METHOD VALIDATION 
Specificity, Linearity and Detection limit:  
The presence of Quercetin and Kaempferol in the methanolic extract of Tridax procumbens was confirmed by 
comparing their UV absorption spectra with those of the standards (Fig. 7a, 7b and 8a, 8b). The linear regression 
analysis data for the calibration plots showed a linear relationship in the concentration range of 1-40µg/ml with 
a correlation coefficient (r2) of 0.999 for both Quercetin and Kaempferol (Fig. 9, 10). LOD for Quercetin and 
Kaempferol was 0.164 and 0.497µg/ml, respectively and LOQ for Quercetin and Kaempferol was 0.289 and 
0.816mg/ml, respectively (Table no: 1). The percentage amount of Quercetin and Kaempferol present in the 
methanolic extract of Tridax procumbens is as shown in Table 2. 
Precision: 
The intra-day and inter-day precisions expressed as the relative standard deviation (R.S.D.) for peak area was 
determined for both standards Quercetin and Kaempferol by repeated analysis (n = 6) (Table no: 3). The results 
obtained shows that intra-day and inter-day relative standard deviations for peak area are quite low, within the 
acceptable criteria and the precision was found to be good. 
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Sample analysis and recovery: 
The recovery experiments of the Quercetin and Kaempferol were performed by spiking standards to the 
methanolic extract and the procedure as mentioned earlier was repeated for three times. The recoveries of both 
the flavonoids were found within acceptable limits (Table no: 4) 
DISCUSSION 
Herbal drug standardization comprises total information on composition of all herbals including analytical 
operations for identification and assay of active principles. Chromatographic fingerprinting of herbal medicines 
is utilized for the authenticity and quality controls of herbal medicines, which has become the most important 
tool for quality control of traditional herbal medicines. Further, the combination of qualitative fingerprinting and 
quantitative multicomponent analysis is a novel and rational method to address the key issues of quality control 
of herbal medicines [20]. High Performance Layer Chromatography is one of the chromatographic techniques 
used to identify and quantify the active principles present in the whole plant of Tridax procumbens with the use 
of optimized mobile phase ensuring that other interfering phytoconstituents present in the sample extract were 
well separated from the phytoconstituents to be analysed, enabling simultaneous quantification. The RP-HPLC 
method developed for simultaneous qualitative and quantitative analysis of Quercetin and Kaempferol in the 
methanolic extract of Tridax procumbens plant was found to be simple, specific and precise. Also, the method 
was found to be more sensitive with lower detection limits than the method proposed by Chen J, 2009 [21] and 
correlation coefficients of linear regression analysis and recoveries were better as compared to method proposed 
by Zu Y, 2006 [22]. Furthermore, the method can be used as quality control of Quercetin and Kaempferol in the 
extract of Tridax procumbens plant.  
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Table 1: Validation data from calibration curves of the Quercetin and Kaempferol (n=3). 
Standard Retention 
time (min) 









Quercetin 8.9 y = 77512x - 53233 0.999 1 - 40 0.164 0.289 
Kaempferol 10.6 y = 81393x - 57315 0.999 1 - 40 0.497 0.816 
X: Concentration (µg/ml), Y: Peak area. 
Table no. 2: Percentage content of Quercetin and Kaempferol in the methanolic extract of Tridax procumbens plant (n=3). 
Compound Mean Peak Area ± S.D Content (% w/w) 
Quercetin 319657 ± 3854.4 
 
1.60 
Kaempferol 139661 ± 7134 0.81 










Compound Concentration (µg/ml) Intra- day R.S.D. 
For peak area (%) 
Inter- day R.S.D. 
For peak area (%) 
Quercetin 
5 0.51 2.78 
10 1.78 2.11 
20 2.79 2.77 
Kaempferol 
5 0.78 4.70 
10 1.28 1.45 
20 2.04 2.23 
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Table no. 4: Average Percentage Recoveries of Quercetin and Kaempferol in the methanolic extract of Tridax procumbens  plant (n=3). 
Compound Amount present(µg) Amount added(µg) Average Recovery (%) 
Quercetin 
240 2.5 








Fig.1 Whole Plant of Tridax procumbens. 
 
Fig.2 Chemical structure of Quercetin and Kaempferol 
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Fig. 3 Percentage yield of methanolic extract of Tridax procumbens plant by different Extraction methods. 
 
Fig. 4 TLC plate derivitized using Anisaldehyde reagent. Band 1: Standard solution of Quercetin and Kaempferol. Band 2 and 3 methanolic 
extract of Tridax procumbens plant. 
Quercetin
Kaempferol
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Fig. 5 Chromatogram of Standards - Quercetin and Kaempferol. 
 
Fig.6 Chromatogram of methanolic extract of Tridax procumbens plant showing presence of Quercetin and Kaempferol. 
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Fig.7.b UV Spectra of Kaempferol in methanolic extract of Tridax procumbens plant. 








Fig.8.b UV Spectra of Kaempferol Standard. 
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Fig. 9. Results from linear regression analysis (calibration standard) – Quercetin 
 
Fig. 10. Results from linear regression analysis (calibration standard) – Kaempferol 
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